Susac syndrome is a rare condition characterized by the clinical triad of central nervous system (CNS) dysfunction, sensorineural hearing impairment, and branch retinal artery occlusion (BRAO). The purpose of this study is to examine the demographics, clinical characteristics, treatment, and long-term prognosis of Susac syndrome. The data recorded for all Susac syndrome patients treated at the Sheba Medical Center between 1998 and 2014 included demographics, clinical signs at presentation and during the disease course, imaging findings, treatment, and prognosis.
Introduction
Susac syndrome is a rare condition that was first reported in 1973. It had been initially termed "small infarctions of cochlear, retinal, and encephalic tissues (SICRET)" syndrome [1, 2] or "retinopathy, encephalopathy, and deafness microangiopathy (RED-M)" syndrome. [3] Susac et al [4] described it in 1979 and Hoyt named it "Susac's syndrome" in 1986. [5] The syndrome is characterized by a clinical triad of encephalopathy, sensorineural hearing loss, and visual disturbance resulting from branch retinal artery occlusion (BRAO). [4] The encephalopathy is manifested by headache, motor deficiencies, sensor deficiencies, aphasia, cognitive impairment, and urinary insufficiency. The hearing loss is usually bilateral, and it can be associated with tinnitus and vertigo. The BRAO may be extensive or subtle and unilateral or bilateral. The specific etiology of the syndrome is unknown, however it is believed to be an autoimmune-mediated condition that causes micro infarcts due to endothelium-induced occlusion of the microvessels in the central nerve system (CNS), inner ear, and retina. [6, 7] Although its prevalence is rare, Susac syndrome is an important differential diagnosis for several neurologic, psychiatric, ear, nose, and throat, and ophthalmologic conditions. [8] The diagnosis is difficult to establish since the full clinical triad rarely exists on the first presentation. [9] A comprehensive search of the English literature yielded more than 100 case reports and a few case series of patients with Susac syndrome. All the published case series that include more than 2 patients were analyzed and they are listed in Table 1 . Given that ocular and hearing involvements can be the first presentation of the condition, it is important for ophthalmologists and otolaryngologists to be aware of and recognize the syndrome. [7, [9] [10] [11] [12] The purpose of the present study is to examine the demographics, clinical characteristics, treatment, and long-term prognosis of patients with Susac syndrome that were treated in our center.
Methods
This is a retrospective consecutive case series of patients treated at a single referral center. The study was approved by the local institutional review board (IRB) of Sheba Medical Center.
Patients
All patients diagnosed as having Susac syndrome and treated at a tertiary medical center (Sheba Medical Center, Tel Hashomer, Israel) between 1998 and 2014 were included.
Data on the following parameters were retrieved from the medical database and analyzed: patient demographics (gender and age at diagnosis), medical history and medications, presence of neurological diseases, ear, nose, and throat history and ocular history, neurological, hearing and ocular signs and symptoms at presentation, magnetic resonance imaging (MRI) findings at presentation, auditory evaluation and fluorescein angiography (FA) findings at presentation, visual acuity (VA), visual field (VF; Humphrey 24-2 SITA-standard), treatment modality, response to treatment, and long-term prognosis. The major outcome measurements were disease recurrence rates and complications, and the minor outcome measurements were VA and VF. The mean duration of follow-up was 35 months.
Statistical analysis
Snellen VA was converted to log MAR values. The mean deviation (MD) on the VF test was analyzed in numeric values. Distributions for different categories parameters were measured and matched pair analyses (small sample size) for log MAR and MD at presentation and at the end of follow-up were carried out. The overall significance level was set to an alpha of 0.05. Statistical analyses were performed using JMP Statistical Discovery Software 7.0 (SAS Institute, Cary, NC).
Results
The series was composed of 10 patients (4 males, 6 females) whose mean age at presentation was 38 ± 10.99 years (range 30-45 years). The medical history of all patients was negative for neurological diseases and auditory deficits. Two patients had a positive ocular history (glaucoma and Duane syndrome). Two female cases presented during the postpartum period of their pregnancies (around 2 months after the delivery of their infants).
Clinical characteristics at presentation
Only 2 (20%) patients initially presented with the full triad of Susac syndrome. Seven patients subsequently developed the full triad during the follow-up period, and the average time to full triad was 7 months. All male patients in the series developed the full triad. The most common manifestation at presentation in decreasing order was CNS involvement (80%), ocular involvement (50%), and auditory involvement (30%). All 10 patients had CNS and ocular involvement. Table 2 summarizes the signs Table 2 Clinical presentation, treatment, and prognosis in 10 Susac syndrome patients.
Case

Signs at presentation
Treatment (in addition to IV methylprednisolone and oral prednisone) Table 3 displays the development of neurological and ophthalmic symptoms during the follow-up period for each patient, and Table 4 displays those developments for all patients. All patients underwent MRI scans of the head (with and without gadolinium 1.5 or 3 T), audiometric testing and retinal FA. The MRI scans demonstrated corpus callosum and periventricular lesions in all cases (Fig. 1) . Two patients had a low frequency sensorineural hearing loss.
Neurological characteristics
Eight patients (80%) had neurological manifestations at presentation, and all patients developed neurological deficits over time. Six patients (60%) developed gait abnormality and 6 patients (60%) developed headache. Five patients (50%) developed cognitive impairment, 4 patients (40%) developed aphasia, and 3 patients (30%) developed urinary dysfunction. Five patients (50%) had persistent neurological damage at the end of follow-up (Tables 2 and 3 ).
Ocular characteristics
BRAO was observed in all cases during the disease course. The occlusion was located in the superotemporal artery in 10 cases ( Fig. 2A) and in the infratemporal artery in 3 cases.
Both eyes were involved in 3 cases, and only the right eye was involved in 7 cases. There was more than one occlusion in 6 cases. The Average occlusion number was: 1.6. The mean log MAR at presentation was 0.149 ± 0.21 (range 0.00-0.69) for the right eye and 0.062 ± 0.143 (range 0.03-0.15) for the left eye. The visual field defects included an altitudinal defect (n = 3), a central scotoma (n = 3), and a paracentral scotoma (n = 7). The mean MD at presentation was À12.49 ± 6.95 (range À25.53 to À4.74) for the right eye and À10.01 ± 5.59 (range À15.08 to À4.93) for the left eye.
Treatment
All patients were treated at diagnosis with a pulse of high-dose intravenous methylprednisolone (1000 mg) followed by slow tapering of oral prednisone. Shortly following the acute event, 3 patients were additionally treated with daily oral cyclophosphamide (2.5-3 mg/kg), and 4 patients with intravenous immunoglobulin (0.4 g/kg body weight/day monthly). The treatments for each patient are summarized in Table 2 . They were all treated with long-term prophylactic antithrombotic and anticoagulation medications: 7 patients received concomitant treatment with antithrombotic and anticoagulation treatment, 2 patients received only antithrombotic treatment and 1 patient received only anticoagulation treatment.
Treatment outcome and prognosis
The mean follow-up time was 35 ± 25.58 months (range 16-53 months). During this time, 4 patients developed recurrent disease with new complaints (2 neurological and 2 ocular). There were also new findings on the MRI in 2 patients, and 2 patients had 1 additional episode of BRAO. Five patients (50%) were left with residual neurological damage at the end of the study: 5 had Table 4 Manifestations at presentation and during the disease course.
Symptoms
Manifestation at presentation (% of total cases) Table 2 . The mean VA log MAR at the end of follow-up was 0.071 ± 0.141 (range 0.00-0.47) in the right eye and 0.164 ± 0.31 (range 0.00-1) in the left eye. The mean MD on the VF defect study at the end of follow-up was À9.11 ± 7.94 (range À22.61 to À4.3.62) in the right eye and À10.26 ± 6.60 (range À18.85 to À1.44) in the left eye. There was improvement in VA in both eyes at the end of the study but it did not reach a level of significance (P = 0.247 and P = 0.284 for the right and left eyes, respectively, matched pairs). There was a significant improvement in the VF of the right eye at the end of follow-up (P = 0.01 matched pairs). There was no significant improvement in the VF of the left eye at the end of follow-up (P = 0.807 matched pairs). The occluded artery was identified on FA in all eyes with no recanalization at the end of the follow-up (Fig. 2B ).
Discussion
Susac syndrome is a rare and underdiagnosed condition whose etiology is unknown. [1, 2] Several authors have speculated that the pathophysiology of Susac syndrome is that of an immunemediated endotheliopathy. [13] [14] [15] Autoimmune diseases are usually more prevalent in females, and Susac syndrome was similarly found in previous studies to be more common in females, with a male/female ratio of 1:3.5. [9] In our current series, the male/female ratio was 1:1.5. The syndrome was manifested as a full triad on presentation only in males, a finding that may indicate that although it is more prevalent in females, it is more severe in males. [16] Also interesting was the finding that the syndrome presented during the postpartum period of 2 of our female patients. There are 11 published cases documenting the occurrence of the syndrome in the context of pregnancy. [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] We therefore speculate that pregnancy might be a risk factor for disease flare-up.
Susac syndrome is characterized by a triad of symptoms, but only 2 of our patients had the full triad at first presentation and a full triad was reached within an average of 7 months in 7 others. This finding is in accordance with the reports of the largest metaanalysis published by Dorr et al [9] who found that only 13% of patients presented with the clinical triad at disease onset. The facts that the triad is not full at presentation and that the clinical symptoms can mimic other more common disorders make the diagnosis of the syndrome even that more challenging.
Based on our observations and on information derived from the reported literature (case reports, reviews and meta-analysis), we propose a classification of Susac syndrome according to the clinical presentation: suspected, incomplete, and complete (Table 5 ). Suspected Susac syndrome will refer to a patient without known risk factors for arteriosclerosis or coagulopathy with one manifestation from the triad (BRAO/hearing problem/ neurological symptom) and one of the following risk factors: female between 20 and 40 years of age, female within 1 year of pregnancy, and presence of characteristic corpus callosum or periventricular lesions on MRI. Incomplete Susac syndrome will be defined as a patient with 2 manifestations of the triad, and complete Susac syndrome will be defined when all 3 symptoms are present (Table 4) .
The clinical classification of the patient can change during the course of the disease when other clinical manifestations emerge. Noteworthy, patients that fall into the categories of suspected Susac syndrome and incomplete Susac syndrome may fulfill the criteria of other diagnoses as well. The range of the differential diagnosis is wide, and it includes demyelinating diseases (e.g., multiple sclerosis, acute disseminated encephalomyelitis), autoimmune diseases (e.g., lupus erythematosus, neuro-Behçet disease) and vascular occlusion (such as from an embolus or atherosclerosis). Furthermore, the diagnosis of Susac syndrome should be included in the differential diagnosis and if the likelihood is considered as being high, treatment with antiinflammatory and antithrombotic drugs should be considered. The findings on MRI imaging can mimic other neurological disorders, such as multiple sclerosis. However, when lesions of the corpus callosum are observed, as seen in all of our cases, the suspicion of Susac syndrome should be high, especially when there are coexisting auditory or BRAO problems.
To date, there are no therapeutic guidelines for Susac syndrome. The current reported treatment strategy is based on clinical experience, case reports, and small case series. Our patients received intensive antiinflammatory and antithrombotic treatment, but 6 of them nevertheless have irreversible damage to the neurological, auditory, and/or ocular systems. Similar findings have been reported by others. [18, 29] These results emphasize the need for multicenter prospective trails to evaluate treatment strategies and long-term outcome. Several studies have suggested that early diagnosis may lead to better prognosis in those young patients. [6, 9] We believe that diagnosis could be arrived at earlier by applying our proposed classification system.
The limitations of the study include its small size and retrospective nature. Both are caused by the rarity of the syndrome.
In summary, this retrospective case series examined the characteristics of Susac syndrome and the patients' long-term outcomes. Our observations should raise the awareness to the importance of early and correct diagnosis of Susac syndrome in 
